Cheviot wethers were defaunated by using dioctyl sodium sulfosuccinate and were constantly infused with urea to provide 2.87%7, of the daily N intake. Defaunation resulted in higher rumen dry matter and lower rumen pH. The molar per cent propionate was higher in defaunated sheep, whereas the molar per cent butyrate and acetate was lower. Apparent nitrogen digestibility, nitrogen utilization, and nitrogen balance were higher in defaunated sheep when compared with faunated animals. Urea infusion resulted in lower apparent nitrogen digestibility, nitrogen utilization, and nitrogen balance in faunated sheep, but did not affect nitrogen metabolism in defaunated sheep. Rumen ammonia-N levels in defaunated sheep were lower than those observed for faunated animals, and urea infusion into faunated sheep increased rumen ammonia-N levels to a greater extent than did the urea infusion into defaunated animals. Significant correlations were demonstrated between rumen ammonia-N levels and C2/C3, C3/C4 and C2/C4 volatile acid ratios. From this it was concluded that, as rumen ammonia-N levels increased, there was a shift from propionate to higher proportions of butyrate and acetate.
A decrease in rumen ammonia-N levels as a result of defaunation in animals fed identical rations is probably the most consistent effect recorded from studies with defaunated and faunated ruminants. The recorded values for rumen ammonia-N levels of defaunated animals as a per cent of those in control faunated animals are 47%, by Abou Akkada and el-Shazly (2), 52%
by Christiansen et al. (5) , 44, 50, and 39%c by Klopfenstein et al. (8) 29A, 1968) .
As a consequence of this change in rumen ammonia-N levels in defaunated ruminants, any attempt to relate the effect of the presence of protozoa per se to overall animal response is confounded with a marked change in the rumen environment, i.e., greatly increased rumen ammonia-N levels. The experiment reported in this paper was designed to investigate the effect of experimentally increased rumen ammonia-N levels in defaunated and faunated sheep.
MATERIALS AND METHODS
Twelve rumen-fistulated, 2-year-old Cheviot wethers, averaging 30 kg, were fed ration number 3, as 1 Published with the approval of the Director of the Michigan Agricultural Experiment Station as Journal No. 4858. previously described (8) at 6%,7c body weight0 75 throughout the entire experiment. Due to problems encountered with sheep refusing feed, the original 4 by 4 Latin square design had to be abandoned and unequal numbers per treatment combination resulted. The four treatments imposed were (i) urea infusion into the rumen of defaunated sheep (seven observations), (ii) urea infusion into the rumen of faunated sheep (seven observations), (iii) water infusion into the rumen of defaunated sheep (six observations), and (iv) water infusion into the rumen of faunated sheep (six observations). The water and urea infusions were continuous, a volume of 460 ml being infused in 24 hr. Urea was infused at a rate to provide 0.123% of the daily ration; this represented 2.87%7o of the daily N intake. Sodium sulfide was included in the infusate to provide a N to S ratio of 15:1.
Although not yet experimentally proven, this was thought to be necessary to maintain optimal N to S ratios in the rumen at times when recycling differences could otherwise prevent effective N incorporation into microbial protein.
Defaunation was accomplished by using 12 ml of dioctyl sodium sulfosuccinate under the trade name Complemix (American Cyanamid Company) in a procedure only slightly modified from that used by Abou Akkada et al. (1) . Volatile fatty acid concentrations were determined by using the procedure of Dehority et al. (6) ; all other analyses and sample collection procedures were as previously described (8) .
on October 10, 2017 by guest http://aem.asm.org/ Downloaded from A 13-day adjustment period preceded 6 days of feed intake, urine production, and fecal output measurement. Two days later rumen samples and jugular blood samples were taken prefeeding and at 2 and 4 hr postfeeding, but the 2-hr postfeeding results are not presented for they were essentially identical to those obtained 4 hr postfeeding. Statistical analysis was by least squares and Duncan's multiple range test (7) .
RESULTS
The mean rumen protozoal concentration for the faunated sheep was 313.2 ±i 179.4 X 103/ml, at the prefeeding sample time. Rumen dry matter was higher in defaunated sheep at all sampling times, when compared to faunated animals ( (Table 4) . Defaunation resulted in a significantly (P < 0.01) higher nitrogen balance, and the infusion of urea into defaunated sheep did not affect this. However, urea infusion into faunated sheep resulted in lower nitrogen utilization and nitrogen balance, and, although not significant, these differences approached significance. When faunated sheep received the urea infusion, fecal nitrogen as a per cent of nitrogen intake was significantly (P < 0.05) higher (Table 4) .
The rumen ammonia-N levels that were obtained in this study were consistent with those previously reported in the literature from defaunation studies. Defaunation of the wethers in this study resulted in significantly lower rumen ammonia-N levels at 2 (P< 0.01) and at 4-hr (P < 0.05) postfeeding (Fig. 1) . The infusion of urea raised rumen ammonia-N levels in faunated sheep an average of 3.44 mg per 100 ml and in defaunated sheep an average of only 1.88 mg per 100 ml.
Regression analysis, using ammonia and VFA data obtained 4 hr postfeeding from the results of Klopfenstein et al. (8) and this investigation, showed a linear relationship between rumen ammonia concentration and the C2 to C3 VFA ratio (r = 0.91; P < 0.01; Fig. 2 ), a curvilinear relationship between ammonia concentrations and the C2 to C4 VFA ratio (r = 0.89; P < 0.01; Fig. 3) , and a curvilinear relationship between ammonia concentration and the C3 to C4 VFA ratio (r = 0.81; P < 0.05; Fig. 4 ). Similar relationships were demonstrated for the data taken prefeeding, but the correlation values were less. Relationship between acetate to butyrate ammonia-N concentrations in the rumen.
as described in Fig. 2 . 
DISCUSSION
Higher ammonia levels in faunated animals have been consistently observed, and it has been suggested that this is due to the fact that the protozoa contribute significantly to protein degradation and deamination (8, 10) . Such an interpretation now appears to be entirely misleading, and, in fact, it seems that ammonia levels in the rumen of defaunated animals are lower than in faunated animals as a result of greater bacterial concentrations, thus causing greater ammonia utilization. This interpretation of the results suggests that ammonia levels are higher in faunated animals as a result of an inability to effectively utilize ammonia rather than 0 488 APPL. MICROBIOL. as a result of excessive ammonia production, a conclusion also arrived at by Smith (11) . The reasons for suggesting this interpretation are given below.
Firstly, greater rumen bacterial protein quantities at the expense of rumen protozoan protein should give rise to greater excretion of nitrogen in the feces, for protozoan protein is more digestible than bacterial protein (3, 9) . Such a relationship is shown by the results with the waterinfused animals in this experiment (27.61 versus 30.19) and by the results of Klopfenstein et al. (8) . No explanation for the effect of urea infusion upon apparent nitrogen digestibility in faunated animals can be given at this time.
Secondly, the quantity of urea infused in this experiment had been calculated to provide an increase of 4 mg per 100 ml of rumen fluid. This value was approached in the faunated animals (3.44 mg/100 ml), but an increase of only 1.88 mg per 100 ml was realized in defaunated animals, thus suggesting a more rapid uptake of ammonia in these animals. The slight possibility of a deficiency of urease in these animals was eliminated when it was shown that in fact urease activity (per milliliter of rumen contents) in defaunated animals was double that of faunated animals (Purser and Dehority, unpublished data).
A second, but variable, effect of defaunation is a lowered dry matter digestibility as compared to faunated animals. This was not true in this experiment, but see, for example, Klopfenstein et al. (8) . A large portion of any such change (3 % units) may be attributed to the decreased digestibility of bacteria, as compared with protozoa. The above value is arrived at by assuming a 20% cell yield (cell yield per 100 g of digestible substrate), equal distribution of cell matter in protozoa and bacteria in faunated animals, and digestibilities of 90 and 60% for protozoa and bacteria, respectively. A difference of 3% units would account for a large proportion of the changes recorded in the literature, but differences due to possible changes in the bacterial population composition cannot be ignored (4 One of the major aims of this work was to determine whether changes in animal response upon defaunation were the result of the presence of protozoa per se or were due to indirect effects mediated by some other factors. At this point, it seems likely that any changes in the VFA proportions as a result of defaunation are, in fact, a result of a change in rumen ammonia levels, either directly or indirectly. The explanation for this relationship cannot be given at this time, but both metabolic changes within individual organisms and population composition changes must be considered. An ammonia limitation rather than an excess would appear to be the causal factor.
Two major relationships have been discussed in this paper, and a number of quite important implications follow from the acceptance of these data. Not the least is the selection of appropriate control animals to be used in defaunation work, for the results of the present experiment show that, when isonitrogenous rations are used, different rumen ammonia levels occur which apparently cause different VFA proportions. On the other hand, this secondary effect may be overcome by supplementary nitrogen to raise rumen ammonia levels, but this then means that isonitrogenous comparisons are no longer being made. It seems that careful experimentation is required to eliminate these conflicting factors.
